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Abstract
Photometric observations of the double-mode pulsator VX Hya are presented. They are
analyzed with a stroboscopic method, completed by Fourier analysis. It is found that, while
the fundamental pulsation is relatively stable, the overtone is more erratic. A sudden change
in the pulsations in 2016-18 is also discovered.
1 Introduction
VX Hydrae (RA=09h45min46.8s, DEC=-12°00’14”, 2000.0) is a bright, high amplitude δ
Scuti star, with its V magnitude between 10.1 and 10.9. As reported by Fitch, 1966 and
Templeton et, 2009, it is a double-mode pulsator with pulsations at the frequency f0 = 4.4765
cycles/day (the fundamental) and f1 = 5.7898 cycles/day (the overtone), with almost the
same amplitudes. There are many harmonics at frequencies 2f0, 3f0,... and 2f1, 3f3,... and
also many beats at frequencies f0 + f1, f1 − f0,....
The pulsations themselves are variable: Bonnardeau et al, 2011 reported a sudden change
in 2008, and Xue et al, 2018 reported a decrease of the fundamental and overtone frequencies.
In this paper, new observations are reported. These data are completed with the obser-
vations of Fitch, 1966, and with AAVSO observations, to be analyzed with a stroboscopic
method, completed by Fourier analysis.
2 Observations
My observations were carried out with a 203 mm f/6.3 Schmidt-Cassegrain telescope, a
Johnson V filter, and a camera with a KAF401E CCD. I made time series with individual
exposures of 200 s (a few measurements have 60 s).
For the differential photometry, the comparison star is TYC 5482-01347/1 with V = 11.580,
computed from the Tycho magnitudes owing to transformation formulas of Mamajek et al,
2002 & 2006. According to the UCAC4/APASS catalog, it has B − V = 0.547, while VX
Hya has B − V ≈ 0.40.
I obtained 7387 measurements, in 119 sessions, from 2005 to 2020. The journal of ob-
servations is in Table 2. An example of a light curve is in Fig. 1, and another one in Fig. 3.
3 Fundamental and overtone frequencies determination
I search for pulsations in my data plus those of Fitch, 1966. These last data consist of
1398 V-magnitude measurements, in 30 sessions, from 1954 to 1965. The comparison star
is not the same, so I adjust Fitch’s magnitudes by adding -0.075 so that the average Fitch
magnitude is equal to my average magnitude. Furthermore, the times are converted in BJD;
between 1954 and 2020, this introduces a delay of up to 43 s, mostly due to the slowing
down of Earth rotation (Eastman et al, 2010). The pulsations are then searched using the
PERIOD04 software program (Lenz et al, 2005). The fundamental and overtone pulsations
are readily detected, but not the harmonics and beats on this 66-year long data set, indicat-
ing that they are not stable. The frequencies are:




























Figure 1: Green: the magnitudes of VX Hya, Blue: the magnitudes of a check star, GSC 5482-
01054, shifted by -1.8 mag to fit into the graph. The error bars are the quadratic sums of the
statistical uncertainty of the star and of the comparison.
fall1 = 5.789, 769, 2(3) cycles/day for the overtone (1)
< t >all= −293 TBJD
with < t >all the average time of the observations in truncated BJD:
TBJD=BJD-2454000. The amplitude is 0.14 mag for the fundamental, and 0.11 mag for the
overtone.
These frequency measurements are compatible with those of Xue et al, 2018, with a data set
from 1955 (Fitch, 1966) to 2015.
Using only the Fitch, 1966 observations, the same analysis gives:
f1954−650 = 4.476, 487(3) cycles/day
f1954−651 = 5.789, 747(4) cycles/day (2)
< t >1954−65= −17, 774 TBJD
and using only my observations:
f2004−200 = 4.476, 461, 0(9) cycles/day
f2004−201 = 5.789, 768(1) cycles/day (3)
< t >2004−20= 3016 TBJD.
The precision on these frequencies is good enough not to have any cycle lost, despite the
large gap between the Fitch, 1966 data, before 1965, and the more recent ones, after 2003
(unless there was a very large glitch in the interval with no observation).
Between (2) and (3), separated by < t >2004−20 − < t >1954−65≈ 57 yr, the frequencies
are different. Assuming they vary smoothly, one has:
f ′0 = −1.3 ∗ 10−9 cycle/d2
f ′1 = +1.0 ∗ 10−9 cycle/d2 (4)
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4 Stroboscopic analysis principle
I analyze the pulsations, using a stroboscopic method:
VX Hya has two pulsations, the fundamental and the overtone, so the idea of a stroboscopic
analysis by making 3D phase plots with the phase of the fundamental along the horizontal
axis, the phase of the overtone along the vertical axis, and the magnitude as, for example,
contour levels. When there are several magnitude measurements for a fundamental phase
value and an overtone phase value, the average magnitude is used.




with fract the fractional part, i = 0 for the fundamental, i = 1 for the overtone, falli
the above frequencies, in (1), and t the TBJD.
Such a stroboscopic analysis is sometimes done with cataclysmic variables as a function
of the orbital and spin frequencies (see Littlefield et al, 2020). An example of stroboscopic
phase plots for VX Hya is shown in Fig. 2, using the data for the 2018-19 and the 2019-20
seasons.
Figure 2: Stroboscopic phase plots. The maxima are at the phases: ϕ2018−190 = 0.19 ± 0.08,
ϕ2018−191 = 0.14 ± 0.08, ϕ
2019−20
0 = 0.16 ± 0.04, ϕ
2019−20
1 = 0.20 ± 0.03.
This stroboscopic method may be compared to the usual Fourier analysis. With the Fourier
analysis, the magnitudes are decomposed as:




In the stroboscopic analysis, if the frequency is the same as in the Fourier decomposition,










− Φi − (fi − falli ) < t >
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where fi is the frequency for the season and < t > is the average time.
As an example, I made a Fourier analysis of the 2018-20 seasons, using the PERIOD04
software program. I use two seasons to have a better precision on the frequencies. The
results are in Table 1.






























Table 1: The Fourier decomposition of the 2018-20 seasons, up to the 3rd harmonics.
With Z2018−20 = 10.6403(4) and < t >2018−20= 4694 TBJD.
Figure 3: Red line: the Fourier model, Green dots: the observations.
This Fourier decomposition gives a reasonably good match with the observations, with a
residual of 0.017 mag. An example of an observed light curve fitted by the Fourier model is
shown in Fig. 3.
The stroboscopic phases may be computed from the Fourier coefficients and compared with
the observations reported in Fig. 2. One has:
f2018−200 − fall0 = −8 ∗ 10−6 cycle/d




< t >2018−19= 4533 TBJD
< t >2019−20= 4925 TBJD
which gives the computed phases:




0 − fall0 ) < t >2018−19= 0.20




1 − fall1 ) < t >2018−19= 0.19




0 − fall0 ) < t >2019−20= 0.20




1 − fall1 ) < t >2019−20= 0.22
These calculated phases are roughly in agreement with the observed ones of Fig. 2. This is
only an approximation, of course, because one uses average times and neglects the harmonics
and beats.
A stroboscopic phase plot does not depend upon the observer (and the setup), except maybe
for the magnitude scale, which depends upon the comparison star. Here is an example in
Fig. 4.
Figure 4: Left: stroboscopic phase plot from my 245 measurements for the 2008-9 season. Right:
from AAVSO data for the same season (DKS observer code, 711 measurements). The AAVSO
magnitudes are shifted by a constant to take into account the comparison star different from
mine.
5 Stroboscopic analysis results
Besides my observations from 2005 to 2020 and those of Fitch, 1966 from 1954 to 1965, I also
use AAVSO observations for the 2002-4 (observer BIW) and 2005-6 (observer DKS) seasons.
All the observations are done with a Johnson V filter. The comparison stars are not the
same for the different observers (that does not matter as long as the data are not mixed up
in one spectroscopic phase plot). The journal of observations is shown in Table 2.
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Table 2: Journal of observations.
The resulting stroboscopic phase plots are shown in Fig. 5-Fig. 8:
6
Figure 5: 1954-66 stroboscopic phase plots, from the Fitch, 1966 data.
7
Figure 6: 2002-08 stroboscopic phase plots. The comparison star for the AAVSO data is not
the same as for the other observations.
8
Figure 7: 2008-14 stroboscopic phase plots.
9
Figure 8: 2014-20 stroboscopic phase plots.
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The phases of the brightness maxima are estimated by eye and are listed in Table 3, with
ϕ0 the phase for the fundamental (horizontal axis), ϕ1 for the overtone (vertical axis).
Season ϕ0 ϕ1
1954-55 0.16 ± 0.1 0.11 ± 0.05
1955-56 0.07 ± 0.1 0.16 ± 0.08
1956-57 0.03 ± 0.07 0.20 ± 0.07
1957-58 0.12 ± 0.1 0.12 ± 0.1
1958-59 0.16 ± 0.09 0.24 ± 0.07
1963-65 0.01 ± 0.03 0.24 ± 0.03
2002-03 0.12 ± 0.1 0.3 ± 0.1
2003-04 0.00 ± 0.02 0.25 ± 0.02
2004-05 0.01 ± 0.03 0.24 ± 0.03
2005-06 0.00 ± 0.02 0.16 ± 0.06
2006-07 0.01 ± 0.02 0.01 ± 0.02
2007-08 0.00 ± 0.02 0.00 ± 0.02
2008-09 0.01 ± 0.03 0.18 ± 0.06
2009-10 0.04 ± 0.04 0.22 ± 0.06
2010-11 0.02 ± 0.03 0.03 ± 0.05
2011-12 0.03 ± 0.05 0.19 ± 0.06
2012-13 0.04 ± 0.05 0.22 ± 0.05
2013-14 0.10 ± 0.1 0.17 ± 0.1
2014-15 0.04 ± 0.07 0.22 ± 0.06
2015-16 0.11 ± 0.15 0.12 ± 0.15
2016-17 0.07 ± 0.1 0.07 ± 0.1
2017-18 0.18 ± 0.07 0.00 ± 0.03
2018-19 0.19 ± 0.08 0.14 ± 0.08
2019-20 0.16 ± 0.04 0.20 ± 0.03
Table 3: Coordinates of the brighness maxima in the stroboscopic phase plots of Fig. 5-Fig. 8.
These phases of the brightness maxima of Table 3 are plotted on Fig. 9.
6 Discussion
From the plot of Fig. 9, the fundamental phase appears to be fairly stable, except for the
last 3 seasons, suggesting an increase of the frequency.
The overtone phase is erratic. There are sudden changes, I call them ”glitches”. There
is such a glitch in 2006-8, which was already noticed and investigated by Bonnardeau et al,
2011.
Another glitch is in 2016-18, where the phase of the fundamental jumps by about 0.1, and
the phase of the overtone decreases by about 0.2. To study it, I make a Fourier analysis
of the 2011-15 interval, i.e., before the glitch, where those phases are roughly constant, and
another one for the 2018-20 interval, after the glitch. Between these two intervals, the pul-
sations appear to be erratic, suggesting some transition regime.
These Fourier analyses are done with the PERIOD04 software program. The results for
2011-15 (4 seasons) are shown in Table 4 below, and for 2018-20 (2 seasons), in Table 1.
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Figure 9: Maxima of the stroboscopic phase plots. Red: the phase for the fundamental pulsation,
Blue: for the overtone. For the season axis, 55 means the season 1954-55 and so on.






























Table 4: The Fourier decomposition of the 2011-15 seasons, up to the 3rd harmonics, with a
residual of 0.030 mag. With Z2011−15 = 10.6046(7) and < t >2011−15= 2724 TBJD.
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From Table 1 and Table 4, between 2011-15 and 2019-20:
f0 increased by 9(5) ∗ 10−6 cycle/d
f1 decreased by 62(6) ∗ 10−6 cycle/d
Φ0 stayed nearly constant
Φ1 changed strongly, from 0.60 to 0.94
the phases of the harmonics and beats were highly variable
the amplitudes did not change very much.
7 Conclusions
7.1 About VX Hya
Vx Hya is sometimes erratic, with sudden changes (glitches). The fundamental pulsation
is much stabler than the overtone. From the analysis of the 2016-18 glitch, it appears that
the harmonics and beats are even less stable. From the Figure 6 of Xue et al, 2018, it also
appears that the overtone has a wider dispersion than the fundamental.
The frequency of the fundamental has decreased in 2011-15 by
f2011−150 − fall0 = −17(3) ∗ 10−6 cycle/d over a period of
< t >2011−15 − < t >all= 3017 days, so a derivative of ≈ −5.6 ∗ 10−9 cycle/d2
and in 2018-20 by
f2018−200 − fall0 = −8 ∗ 10−6 cycle/d over a period of
< t >2018−20 − < t >all= 4987 days, so a derivative of ≈ −1.6 ∗ 10−9 cycle/d2.
This appears to be compatible with the f ′0 = −2.2 ∗ 10−9 cycle/d2 of Xue et al, 2018, and
also with the result (4) from the 1954-65 and 2004-20 data sets (f ′0 = −1.3∗10−9 cycles/d2).
However, for the overtone, the same calculation yields values around −10−8 cycle/d2, much
stronger than the one of Xue et al, 2018. Furthermore, the result (4) is a positive f ′1. An
explanation may be that these variations are not really trends, but only the erratic behavior
mimicking trends.
7.2 About the stroboscopic analysis
The stroboscopic analysis gives a synthetic view of each pulsation (and of a complete pul-
sation: the main sinusoid and its harmonics). It can work with less data than the Fourier
analysis (it does not give a detailed account of the harmonics as the Fourier method).
Another advantage is that it can readily and plainly reveal sudden variations of the pul-
sation, from one season to the other, such as the jump in the overtone between 2004-05
and 2006-07 or the jumps in both the fundamental and the overtone between 2014-15 and
2017-18. These are not easily seen with the Fourier analysis.
The stroboscopic method may be useful for other double-mode pulsators. The method
is probably advantaged with VX Hya because the two main pulsations have well distinct
frequencies and because their amplitudes are almost equal.
Acknowledgments
The use of the AAVSO International Database is acknowledged, especially the observations
of Butterworth N. (code BIW) and Dvorak S. (code DKS).




Bonnardeau M., Dvorak S., Poklar R., Samolyk G., 2011, JAAVSO 39 1.
Eastman J., Siverd R., Scott Gaudi B., 2010, PASP 122 935.
Fitch W.S., 1966, ApJ 143 852.
Lenz P., Breger M., 2005, Comm. in Asteroseismology 146 53.
Littlefield C., Garnavich P., Kennedy M.R. et al., 2020, ApJ 896 116.
Mamajek E.E., Meyer M.R., Liebert J., 2002, Astronom. J. 124 1650 and 2006,
Astronom. J. 131 2360.
Templeton M.R., Samolyk G., Dvorak S., Poklar R., Butterworth N., Gerner H.,
2009, PASP 121 1076.
Xue H.F., Fu J.N., Fox-Machado L. et al., 2018, ApJ 861 96.
14
